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The hydrodynamic characteristics of an aerodynamically refined planing- 
t a i l  hu l l  were determined from model tests made in  Langley tank no. 2. Over 
a wide range of center-of-gravity  locations a range of fixed  elevator  deflec- 
tions of more than 15O wa6 available for   s tab le  tab-off ' s .  Sufficient 
control was  available to operate abo?re a rather Ugh lower porpoising limit 
and no upper porpoising lfmit.was encountered.  Resistance w a s  fairly high, 
being about the same order a8 that of flQat Beaplanes. Only light spray 
w a s  encountered wlth the  propellers In a conventional  location.  Stable 
landings were obtainable only  i n  the  a f t e r  range of the locatione of the 
center of gravity  investigated. There m e  i n d i c a t i m  that modifications 
of t he   a f t e r   pmt  of t he  vertical   chine  str ips w i l l  result i n  considerable 
Fmprovement in landing s tab i l i ty .  

It w a s  ahown in  reference I tha t  the Etfr drag of a planing-tail 
flying-boat hu l l  employing a deep step and a full step  fairfng w88 con- 
siderably less than tha t  of a comparable ccmventioaal-ty-pe hull .  In 
reference 2 it w a s  found that  the hydrodynamic characteristics of this 
planing-tail h u l l  configuration were generally bet ter  than those of t he  
ConventionaL hull.  Several  mdifications of the planing-tail  type of 
h u l l  embodying an a i r fo i l   sec t ion  forebody plan form and a slender 
"boom-like" afterbody were tested in the. w i n d  tunnel and the  results 
reported i n  reference 3-  In that investigation it w a s  found that aero- 
dynamic refinement had resulted in substantiaUy lower air drag than 
even that obtained  with  the hulls of reference 1. One of the lowest 

' drag configuratione had an *'afterbodf which  was s-lg a tapered b o a  
of circular  cross  section made about aa maall a8 would be believed  8tructur.- 
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amall coniCal boom would  be an adequate  substitute for an afterbody, 
0 0. hydrodynanically,  although  tests of reference 4 had inucated that a 
0 .  0 relatively small cyundrical b o w  might  be  sufficient Consequently, 

0. 0 there  was  included in the  wind-tunnel  investigation a hull in which a 
0 0. s m a l l  tail  float  was  faired  into the end of the  tail  bo=. (See fig. 2. ) 

The  present  paper  gives  the  results  of a tank  investigation made to 
determine  the  hydrodynamic  characteristics of the hull  with the simple 
conical  boom.  Exploratory  tank'tests w e r e  made with the tail  float in 
place,  but  it  was  determined  that it actually maired t&-off per- 
formance and tank  tests of it w e r e  discontinued in favor of  the s tq le r  
hull having tple lower drag. 
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SYMBOLS 

speed  coefficient (V/S) 

resistance  coefficient (R/wb3) 

load  coeff  icfent (A/wb3) 

gross load coefficient (4/wb3) 

load-resistance  ratio 

mean aeralynamic  chord 

load on water, pounds 

gross load on water, pounds 

speed, feet  per  second 

acceleration  of  gravity,  feet per second.  per  second . 

maximum beam of hull (6.43 feet, full ecale) 

resistance , pounds 
speciflc  weight of water (63.0 pounds per cubic  foot in these 

testa) 
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?or m e t  of the tank tests a dynamic model of NACA model 237-m was 
0. 0 used. The aerodynamic characteristics and offse ts   for  NACA model 237-7s 

were given i n  reference 3.  Photographs of the dynamic model are sham 
in figures 3 and 4. The general arrangement and h u l l  U e s  m e  sham 
in   f igures  5 and 6, respective-. 

The aerodyndc  Burfaces and the tail arm were those of the XPBB-1 
t o  1/16 scale. The wing loading of *e m-1 was 35.6 pounds per square 
foot and the power l o a n g  wa6 14 -8  pounds per  brake  horseparer. These 
conditions were simulated on the model. The wing trailhg edge wa6 
placed  over  the  step. The wing incidence  relative  to the baee line w a s  bo. 
The t a i l  boom on which the taJl surfaces were mounted w a s  slightly shorter 
than the born tested in the wind tunnel, but it m a  belieTed t h i s  would 
have no appreciable  effect on the aerodynamic chmactarist ics.  The top 
of the wind-tunnel hull was not reproduced since it would have l i t t l e  
effect  on the  tank  remdte. 

The forebody plan form was a &fled 16-80rieS symmetrical airfoil '  
section w i t h  length-beam r a t i o  of 7.0. For  the hydrodynamic tests it 
w a s  necessary  to add chine s t r ip s  t o  the configuration  tested in  the 
wind tunnel. These s t r ips  w e r e  0.05b deep and extended f m  0 .% aft 
of the  fomard  perpediculm t o  t h e   p o b t  of the step where  they w e r e  
fa i red  to  zero depth i n  the last 0.m of the foreboily length. 

The dynamic m o d e l  W&B of the conventional balsa and tis- can- 
struction powered by electrically  driven  propellers - The gross load 
corresponded t o  ,000 pounds , ftzlL size The model waa controlled by 
means of the  elevators which had a range of deflection from -30° t o  +20°. 
The fiap  deflection throughout the tests W&B Oo. 

The testing procedures even in the following discuesioa  are sfmilar 
t o  those  given i n  reference 2. 

Take-Off S tab i l i ty  

"he center-of-gravity lMt8 of s t ab i l i t y  were  determFned by rttiklng 
accelerated rum t o  take-off, with fixed  elevators, holding a constant 
acceleration of 1 foot  per second per second. Using full po-..er, a 
oufficient number of center-of-gravity  locations and elevator  settinga 
were tested  to  ilefine the s t ab i l i t y  limits for   the normal range of values. 
A s t ab i l i t y  limit is defined a8 tlie condition at which the amplitude of 
trim oscillation  reaches a value of 2O. The variation of trhn with speed 
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for  the various  conditione w a ~  &LBO observed during  these rum. Trims 
less  than 2O were conaidered t o  be below t he  practical  aperating trim 
range. To find  the trFm l h i t a  of s tebi l l ty ,   the  towing cazrfage was 
held a t  constant speeds,  while the m o d e l  t r i m  was slowly increased 
or decreased until the  porpoising limit w a s  crossed. T r l m  was measured 
a~ the angle between t h e  forebody keel and the  horizontal. 

LRsla-rng S tab i l i ty  

The landing s t ab i l i t y  w a s  investigated by tr-g the model in 
t h e  air to the desired  landing trim while the  carriage waa held a t  a 
constant speed sli&tly above the model flfing  speed. The cmriage 
waa then decelerated at a constant  rate of 3 feet   per second per 
second, alloving  the model t o  glide onto the water i n  simulation of 
an actual landing. The descent t o  the water from f l igh t  was made 
from a height of 0.311 above the  water. This w a s  done t o  hold the 
sfnking speeds t o  reasonable vaJ.ues as In reference 2.  After the 
first contact the r i s e  rest r ic t ion was removed. Landings were made 
with  the  center of gravity  located at  20, 30, and 40 percent man 
aerodynamic chord,  ueing  one-quarter Static t h r u s t .  

The load at  which spray first entered  the  propellers w a s  deter- 
mined by the method given in reference 5 .  The model waa free t o  trim 
about the 30 percent  mas-aerodynamic-chord  location of the center of 
gravity  with the elevators  fixed. a t  Oo. Conatant-speed runs were 
made a t  ful l  power with the d e l  counterweighted. Staxting with a 
l igh t  load on the water,  the load was  increased. until  spray  entered  the 
propellers. 

Resistance 

. 

The resistance cha,racterl&,ics w e r e  obtained with the w i n g  and 
tail removed. Constant-speed. rum were made with the model fixed i n  
trim. The load on the w a t e r  w a s  assumed t o  vary aa the square of the 
speed and waa applied bg dead weights. The take-ofY speed w a s  
changed for each fixed-trim  tested t o  correspond wLth the take-off 
speeds  observed in the take-off s t ab i l i t y  tests. The range of trha 
tested at  any apeed waa determined fran the a tab i l i ty  tests as being 
the range of stable trima  attainable at  that  speed by the we of the 
elevators alone. For t h i s  procedure  the  center of gravity w a s  con- 
sidered  to be at k-0 percent mean aerodynamic chord. The resistance 
selected at each speed was the lowest resistance  obtained at that 
speed . 
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FESULTS AmD DISCUSSION 
. 
e. ': : 

0.0 0 The exploratory  tests made with a tail f l o a t  ( f i g  2) indicated that 
0. 0 mch  configuration  operated in a range of trima which w a s  lower than 
0 .  that  obtained  with  the boom alone. N e a r  the  take-off speed an acti%n. : 0. 

- 0 0  

similar t o  that of sMpping on landing wae encountered which l e d   t o  
premature t ab -o f f  8. T h i s  action w a s  apparently  caused by an undesirable 
positive moment at high  speeds. T h i s  moment w a s  thought t o  be the  resul t  
of negative air pressures  acting on the  f loat  bottcrm as it operated in the 
trough of w a t e r  formed in the forebody w a k e .  This w a s  the h-c 
feature which, coupled w i t h  t he  increment in air drag due to   the   f loa t ,  
caused in t e re s t   t o  be centered on the hu l l  w i t h  the b o a  alone. 

Taks-Off S tab i l i ty  and Trime 

The center-of-gravity limits of s t ab i l i t y  of the  flflng  boat  are 
@veri i n  figure 7 as a plot  of elevator  deflection agaimt center-of- 
gravity  location. The range of elevator  deflections for  stable  taks- 
off s increased  fran 15O at  20 percent mean aerodynmic chord t o  30° at 
40 percent mean Eterodynmtc chord. This plot  shma  stable  take-offs 
Over the range of center-of-gravity  locationfl tested fo r  a reasonably 
wide range of elevator  deflections. The region of lower-limit por- 
poising encountered in t h i s  figure with the lower elevator  deflections 
i s  shown in figure 8 where t h e  trim limits of s t ab i l i t y  are plotted 
agalnst speed coefficient. Thg peak trim at which the lower l lmit  of 
s tab i l i ty  w a s  encountered wae  l l . 3 O  a t  appr0Prtel .y  50 percent of the 
take-off  speed. It w a s  advantageous that t he  lower limit of' s t ab i l l t y  
did  not occm until w e l l  along i n  the --off ru~l where the elevators 
were relatively  effectfve . The lower limit of s tab i l f ty  f e l l  away 
rapidly beyond t h i s  trim peak aa speed w a s  increased. No xpper-Umft 
porpoising was encountered with the  model f r e e   t o  trim t o  16O. This 
enabled  stable --off 8 t o  be made w i t h  Full elevator  deflection as 
shown in  figure 7. The high p e a  trim and absence of upper-limit 
po-poising were probably  both due to   the  fact that the tail boom 
carried a proportion of the t o t a l  load. 

In  figure 9 variation in t r i m  a t  constant  elevator  deflection is 
plotted against speed coefficient  for three locations of the  center 
of gravity.  Tygical photographs of the model with the center of 
gravity at 30 percent mean aerodynamic chord asd the  elevators set 
at -5O are shown i n  figure 10. The varLatian of trim f r a  r e s t   t o  
50 percent of the  tah-off  speed w a s  re la t ively m, being a maxhnm 
of bo. In conventional hulls this trjm variation is  7 O  t o  80 . 

A s  shown in figure 7, the  lowest  elevator  setting with which a 
stable take-off w a s  possible w a s  determined by the lower limft of 
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speeds, the  limiting trim of 2O w a s  reached  before a take-off  could be 
made It is  seen in ffgure 9 that  with only a slight increaB in  
elevator  deflection t o  Oo, a stable tab-off at bo trFm was made. 

Landing Stabi l i ty  

In figure ll the anplitudes of the maximum OscillatiollEl in trlm 
are plotted ag-t landing trfme. In figure 12 the q l i t u d e s  of the 
m a h m u  ver t ica l  motions at  the center of gravity are plotted agaimt 
landing trims. 

From these  figures it may be men that during landings made w i t h  
the center of gravity  located at  20 percent mean aerodynamic chord the 
model experienced violent changes in trim and r i s e  during all landings 
A t  landing % r i m e  above 80 the amplitudes of trlm and r i s e  were great. 
A t  landing trims less than 80, the model trfmmed d a m  violently at 
hqmct agalnst the trim st- which w a s  s e t  at 2O. Landings at t h i s  
center-of-gravity  location were not considered  feasible. W i t h  the 
center of gravity  located at 30 percent meas aerodynamic chord, 
landings at  the higher trhw (about Eo) appeared to be stable 
enough to be practical,  but at  lower trtm they were violent W i t h  
the  center of gravity at  4-0 percent mean aerodynmic  chord, a con- 
siderable range of contact trims could be used without  excessive in- 
s tab i l i ty .  

D a t a  from unpublished teste  indicate that the after part of the 
ver t ica l  chfne s t r ip s  was the major cause of the poor  landing  stability. 

the  alteration of this part of the  chines. 
. It appears  possible that a 8ubstmtiaL inprovement miat be  effected by 

A n  undesirable feature of the design is that  a large  proportfon of 
the t o t a l  volume of the canfiguration Hes f o m  of the c'enter of 

this type of hull to speciaJ-purpoee, high-performance aircraft. 
4 gravity. This problem of airplane balance may r e s t r i c t  the use of 

In  figure 13  the load coefficient a t  which spray entered the 
propellers a t  various speeds is sham. This  figure  indicates that a t  
the gross load used f o r  t he  s t ab i l i t y  t e s t s  (60,000 pounds, full size) 
the propellers w e r e  operat- in  spray  throu& a speed-coefficient  range 
from 1.35 to 3.75. I n  the tests it was found that this spray w&s light 
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due to a ccmibination of the high  trlmEl ttnd vertical  chine  strips.  With- 
out the vertical  chine  strips t he  spray w a s  so high it  went  over  the 
wing,creating a serious hazard to  the  electric  motors wed to power the  
madel. The unuauaLly heaxy  spray m y  be eqlained by the  load  distribu- 
tion  between  the  forebody and afterbody.  With  conventional  hulls, as 
much as 50 percent of the  tot&. load is  carried by the afterbody in the 
spray  range.  Evidently  the tail boom carries only a Bmau fraction  of 
this load. Eence the forebody of this model would  be eqected to t h r o w  
heavier  spray than normally indicated  since  it is proportionately more  
heavily  Loaded  than  the  forebody of the  conventional  hull. 

Vertical  chine  strips  effectively  reduced this spray.  Figure 13 
ahms that w i t h  t he  chine  atrip8 in place only about  13-percent  decreaae 
in the normal gross losd w-aa required  to bring t h e  propellers  clear  of 
spray.  Figures 10(b) md lO(c) a m  photographs of the model &e at 
normal gross load in the @ray  region. The vertical  chine  strips broke 
the  spray into a confused  pattern.  This  apray  struck  the  propellers 
intermittently  rather than in a continuous  sheet. 

The  increment  of a,ir drag  due  to  the  chine  strips waa indicated in 
unpublished  wind-tunnel  data to be amll, especially  if the rear portim 
was  removed. 

Resistme 

Ln figure 14 best  tr-  resistance  Coefficient and load-resistance 
ratio are plotted  against  speed  coefficient. 351 figure 15 the trims 
and load coefficients  at  which  the  resistance coefficimts plotted in 
figure 14 were  obtained  are  plotted  against  speed  coefficient.  The 
curve  of  resistance  coefficient  agaAnst  speed  coefficient shows a high 
huq resistance. The trim  correspcmding to t h i s  resistance is also 
high  (about ll.60). Short ly after  the  resistance  hunrp  the  best  trlm 
reaches 12' and remains  at t h i s  value to take-off.  Ty-pical  cross-plots 
of  resistance  coefficient agaimt trim m e  aha~n in figure 16. 

The load-resistance  ratio  corresponding  to huTnp resistance w a s  
about 3.6. This  value is lower than  that obta;lnable with well-desigaed 
conventional hulls, but is about  the eame 88 that  obtained w i t h  Wavy 
single-float  seaplanes. The hump  trZme  of the model m e  similaz to 
those  of  the  single-float  seaplanes. 

During the last  third of the  take-off run, even though the tail 
born was  clear of the  water,  the  high-speed  resistance was  greater 
than would be expected  for  the f orebody alone. UhdoubteCLy the  after 
part gf the  verticaL  chines  contributed  to this resistance. 



wrect ional   Stabi l i ty  

No quantitative  study was made of directional  stabil i ty.  However, 
the model w a s  attached  to a tubular staff which w a s  slightly flexfble 
torsionally, and a decided  tendency t o  yaw wa8 noticed a t  a sped  coeffi- 
cient of about 4.0. The yawing force w a s  evidently produced by a roach 
from the forebody which rose frcan the point of the step and struck  the 
tail boom. This yawing tendency was noticed only over a very short 
speed range. 

The resul ts  of &el tests to  determine the hydroQmarn€c charac- 
t e r i s t i c s  of an  aerodynamically refined planing-tail  seaplane hull 
having a single cone-shaped b o a  fo r  &z1 afterbody indicate the 
following conc he ions  : 

1. Over a wide range of center-of-gravity  locations a range of 
fixsd  elevator  deflections of more  than 15' was &ailable for   s table  
take-off s . 

2. The peak lower trim Umit of s tab i l i ty ,  which occurred at about 
50 percent of take-off  speed, w a s  high (U.3). However, trims obtainable 
were great enough to permit  aperating above t he  lower trim 1Mt and no 
upper trim limit of s t ab i l i t y  w a s  found. 

3 .  The resistance w a s  higher than  for  conventional  hulls; however, 
it w a s  not greatly different from the resistance of single-float  sea- 
planes (&mp load - resis tance  ra t io  = 3.6) .  

4. The re lat ively high operating trims and the chine s t r ip s  cm-  
pensated f o r  the extra load thrown on the  forebody  by the very amal l  
" afterbody" to  such m extent  that  the  propellers  located in a con- 
ventional  location were struck by anly li&t spray. 

5 .  Stable landin& were obtainable only fn the aft range of the 
center-of  -gravity  locatione  investigated. There are , however, indications 
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that  modifications of the after part  of the  vertical  chine  strips w i l l  
Fmprove landing  stability. 
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Figure 1.- Wlnd4unnel modal with conical boom, Model 237-78. - 
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Figure 2.". W-tunnel model with tail float, Model 237-7F1. - 
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Figure 4.- Bottom vlew of NACA dynamic model 237-7B. - 
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Flgure 5.- Grnsral arrangement of model 237-78. 
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Flgure &-Hull l fnrs  o f   N A G I  modet 237-76. 
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Center of' gravity, proent  M.A.C. 

Figure 7.- Center-of-gravity limits of stability. Gmss load coeftlcient, 3.87; full power. 
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Figure 8.- Trim limits of stabllity. 
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Figure 9.- Trim tracks. 
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Figure 10.- Photographs of model being tested. Full power; gross load 
coefficient, 3.87. 
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Mgure 11.- Amplitudes of trim oscillations in landings. 
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Figure 12.- Amplitude6 of vertical motions in landings. - 
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Flgure 13.- Gross load coacient at whlch spray entered propeuers. 
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Figure 14. - ResisWe coefficient and load-resistance ratio. 
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Figure 15.- Trim and load coefflcient. 
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Forebody Shape - Seaplane Hulls 
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The hydrodynamic characterist ics of an aerodynamically  refined 
planing-tat1 hull w e r e  determined from dynamic model tests in 
Langley tank no. 2. Stable take-off8  could be made for a w i d e  range 
of locations of the center of gravity. The lmer porpoising limit 
peak wa8 high, but no upper limit w a s  encountered.  Resistance waa 
high,  being  about the 8- a8 that of f loa t  seaplanes - A reasonable 
range of trims f o r  stable landing8 w a 8  available cnly fn the aft 
range of center-of-gravity locations. 
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